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The use of prepacked capillary columns for immobi- 
lizing proteins and peptides for solid- phase Edman deg- 
radation is described. Capillary tubes with an internal 
volume of about 30 al are filled with glass beads bear- 
ing isothiocyanato groups (DITC-giass), aminophenyl 
groups (AP-glass), or aminoethylaminopropyl groups 
(AEAP-glass) and are sealed with porous plugs. Pro- 
teins or peptides in appropriate buffers are introduced 
into the columns by capillary action and are covalently 
coupled to the glass beads, either by reaction of lysine 
side-chain amino groups with DITC -glass, by carbodi- 
imide- mediated reaction of carboxyl groups with AP- 
glass, or by reaction of homoserine lactone groups with 
AEAP-glass. Optimization of attachment conditions is 
described. The capillary columns are loaded into the se- 
quencer and, when sequencing has been completed, are 
discarded. This technique greatly simplifies polypep- 
tide immobilization and is suitable for microsequencing 
(<50-1000 pmol) or macrosequencing (1-50 nmol). 

C 1900 Academic Press. Inc. 



The success of the solid-phase version of the Edman 
degradation (1) depends on the immobilization of pep- 
tides and proteins by covalent attachment to an insolu- 
ble support matrix. The advantage of covalent immobili- 
zation is that mechanical losses of sample are avoided, a 
factor likely to become of greater significance for se- 
quencing of very small (subpicomole -level) samples (2). 
Although methods have been developed over the years 
that permit immobilization of almost any polypeptide 
(3-5), some investigators have found existing techniques 
unreliable or inconvenient. Furthermore, present-day 
demands for picomole-level sequencing require changes 

1 To whom correspondence should be sent. 
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of scale, e.g., miniaturization of reaction cells and other 
components, to reduce contaminants. 

Recently, a second- generation solid-phase sequencer, 
the MilliGen/Biosearch ProSequencer, which is de v 
signed for sequence analysis at the 100 -pmol or lower • 
level, has been described (6). This instrument will han- 
dle proteins and peptides immobilized on polyvinylidene 
difluoride (PVDF) 2 membranes (7) or on glass beads. Be- 
cause glass bead supports have a number of convenient ; 
characteristics (high capacity, physical and chemical 
stability) and have been used for a number of years, we; 
have sought to improve glass bead immobilization tech- 
nology. The prepacked, disposable capillary columns we 
describe here greatly simplify polypeptide immobiliza- 
tion and, by reducing handling steps, remove some of the 
sources of variable yields. 

METHODS 

Materials. Underivatized controlled-pore glass (CPG) 
beads (170 A pore size, 200-400 mesh) were purchased 
from Sigma or from CPG Inc. (Fairfield, NJ), and deriv- 
atized CPG beads were either prepared as described 
below or purchased from CPG Inc. N-(2-Aminoethyl)- 
3-aminopropyltrimethoxysilane and 3-aminopropyltri- 
ethoxysiiane were obtained from Pierce Chemical; 1,4- 
phenylene diisothiocyanate (DITC), from Eastman; 
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydro- 
chloride and 4-nitrobenzoyi chloride from Aldrich. 

Preparation of aminopropyl-glass and aminoethylami- 
nopropyl'glass. Controlled-pore glass beads were silyl- 
ated by a modification of the procedure of Wachter et al 

2 Abbreviations used: PVDF, polyvinylidene difluoride; CPG, con- 
trolled-pore glass; DITC, 1,4-phenylene diisothiocyanate; AP, amino- 
phenyl; AEAP, aminoethylaminopropyl; DMF, dimethylformamide; 
SDS, sodium dodecyl sulfate; EDC, N-ethyl-N'-dimethylaminopro- 
pylcarbodiimide; PTH, phenylthiohydantoin. 

0003-2697/90 $3.00 
Copyright © 1990 by Academic Press. Inc. 
All righto of reproduction in any form reserved. 
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FIG. 1. Capillary glass bead column. During attachment reactions, 
the column is placed vertically in an Eppendorf microcentrifuge tube 
(A), find the sample fills the column by capillary action. For sequenc- 
ing, the flared ends of two pieces of Teflon tubing are placed over the 
ends of the capillary, and the column is placed in an aluminum column 
. holder (B) and is secured by means of two J -28 plastic tube end fit- 
tings. 

(8). CPG beads (4 g, 170 A, 200-400 mesh) were boiled 
for 10 min in 10 mM HC1 and washed with 200 ml of 
distilled water, followed by 200 ml of methanol, and 
dried under vacuum for 2 h over P 2 0 6 . The beads were 
then heated for 2 h at 200 °C and allowed to cool under 
vacuum over P 2 0 5 . A solution of 0.3 ml of 3-aminopro- 
pyltriethoxysilane [or 1.0 ml of iV-(2-aminoethyl)-3- 
aminopropyltrimethoxysilane] in 30 ml of dry toluene 
was added, and then the beads were degassed under vac- 
uum and heated at 56°C for 24 h with occasional stirring. 
The beads were filtered on a sintered glass filter, washed 
with H PLC -grade methanol, and dried under vacuum at 
room temperature over P 2 0 5 . The beads were stored at 
4°C under nitrogen. 

Preparation of aminophenyl-glass. AP-glass beads 
either were purchased from CPG Inc. or were prepared 
by suspending 1 g of AP-glass beads in 5 ml of DMF and 
5 ml of triethylamine in a 20-ml vial and adding drop- 
wise, while stirring, 600 mg of p-nitrobenzoyl chloride in 
1 ml of DMF. The reaction mixture was stirred for 20 
min at room temperature and then filtered on a sintered 
glass filter. The beads were washed alternately with pyri- 
dine, methanol, and water (2 X 50 ml of each) and were 
dried under vacuum. A 10- mg sample was removed to 
test for the presence of unreacted amino groups. At this 
point the acylation of the amino group should be 95-98% 
complete. The nitro group was reduced by suspending 
the nitroglass beads in 10 ml of DMF in a stoppered 



flask, heating to 70°C in a water bath, and adding 1.5 g 
of SnCl 2 in 2 ml of DMF (which had been warmed to 
70°C) dropwise with stirring of the beads. The tempera- 
ture was raised to 100°C and maintained for 20 min. 
Concentrated HCl (3 ml) was added and the stirred mix- 
ture was kept at 100°C for 15 min. The beads were fil- 
tered on a sintered glass filter and washed with 50 ml of 
concentrated HCl to remove tin salts, then alternately 
with water and methanol (2 X 50 ml each). The beads 
were dried under vacuum and stored at 4°C under nitro- 
gen. The amino content of the beads was about 50 nmol/ 
mg, as determined by the trinitrobenzenesulfonic acid 
assay (9). 

Preparation of DITC-glass. Aminopropyl- glass 
beads (2 g) were suspended in 6 ml of dry tetrahydrofu- 
ran (freshly distilled from sodium and benzophenone) 
containing 200 mg of DITC. The mixture was kept at 
room temperature for 2 h under nitrogen"(5r argon), and 
was then filtered and washed with 100 ml of benzene (the 
filtrate and benzene washes can be concentrated to re- 
cover DITC, which is repurifiedby crystallization). The 
beads were finally washed with 150 ml of anhydrous 
methanol and were dried under vacuum. The beads were 
stored at 4°C under nitrogen (8). 

Preparation of capillary columns with sintered glass 
plugs, A 100-^1 disposable micropipet (Clay-Adams 
Accu-fill 90 micropet, No. 4625; other brands have walls 
that are too thin and fragile; the total volume of these 
pipets is about 120 /il) is cut into four small columns (1.3 
mm i.d. X 32 mm; 30-^1 volume). A small amount of 
ground Pyrex glass wool is pressed into one end to make 
a plug about 2 mm thick. The end of the tube is touched 
to a gas flame to sinter the glass wool and to fire-polish 
the end of the tube. The remainder of the tube is filled 
with DITC-glass or AP-glass (about 10 mg), and the 
other end of the tube is sealed with a sintered glass plug 
as described above. The columns are stored at 4*C. 

Preparation of capillary columns with P VDF plugs. A 
100-/xl disposable micropipet is cut into four small col- 
umns (1.3 mm i.d. X 32 mm; 30-/d volume), and the ends 
are fire-polished carefully so as not to close off the tube. 
A solution of PVDF is made by adding 1 g of PVDF 
membrane (Millipore Corp.) in 15 ml of DMF and heat- 
ing at 60°C for 15 min or until the PVDF dissolves com- 
pletely. A number of tubes (up to 50 or more) are bundled 
together by means of a rubber band, and the bundle is 
tapped on a flat surface until all the tubes are even at 
one end The bundle is placed upright on a Petri dish or 
beaker and CPG beads are sprinkled into the tubes so as 
to fill each tube to a depth of 2-3 mm. The tubes are 
tapped to compact the beads, and the bundle is carefully 
transferred to a beaker which has been filled to a depth 
of 3 mm with the PVDF solution. After the solution has 
entered the beads by capillary action, the bundle is care- 
fully transferred to a beaker containing water to a depth 
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FIG. 2. Time course for attachment of /Mactoglobulin to DITC- 
glass beads in a capillary column. Protein samples (100 pmol each) of 
radioiodinated protein were coupled as described in the text. At inter- 
vals the reactions were stopped by washing unreacted protein from the 
column. Yields were calculated from the radioactivity of columns and 
washings. 



of 5 mm. When the PVDF/DMF-impregnated beads 
contact the water, the DMF dissolves in the water and 
the PVDF precipitates, forming a porous plug in the end 
of the tube. After 5 min, the bundle is removed and the 
tubes are washed with methanol and dried in a vacuum 
desiccator. The bundle of tubes is then placed upright in 



a clean, dry beaker, and DITC-glass or AP-g] aS s i 1 
added, with tapping, to fill the tubes to the top. When all 
of the tubes have been filled, approximately 2 /d of the=" : 
PVDF solution is added to the top of each tube to wt<f 
the upper approximately 2 mm of the beads. The tuhe^ 
are then inverted and placed in a beaker of water, as cfel" 
scribed above, to precipitate the PVDF. The tubes ari 
then washed with methanol, blown dry with nitrogen : 
and further dried under vacuum to remove traces of sol* : 
vent. 

Attachment of polypeptides to DITC-glass in capillary,, 
columns. The peptide or protein sample (50-1000 ''- 
pmol) is transferred to a 0.5-ml Eppendorf tube and : 
dried in a Speed- Vac concentrator. (The sample should ■ 
be free of salts and buffers containing primary or second ; - 
ary amino groups.) The sample is redissolved in 1 5 ^] of ; 
coupling buffer (0.2 M Na 2 HP0 4 , pH 9.0, 1% SDS), and H 
one end of a capillary column containing DITC-glass h 
placed into the sample solution, which is drawn into tlfcr- 
column by capillary action in about 10 s. An additional 
15 fd of coupling buffer is added to the Eppendorf tube ; 
and it, too, is allowed to be drawn into the capillary col- ; = 
umn. Finally 15 jd more of buffer is added to the Eppea^ : ; 
dorf tube, and the tube and column are heated at 55*0 
for 45 min. The column is washed with coupling buffer 
(300 /d), water (300 pi), and methanol (600 jwl) and S - 
blown dry with nitrogen. In the case of labeled proteins ■} 



TABLE 1 

Attachment and Sequencing Yields of Proteins and Peptides in DITC-Glass Capillary Columns 0 



Protein or peptide 



Initial amount 
(pmol) 



Attachment 
yield 
(%) 



Sequenceable 
amount 6 
(pmol) 



Overall 
sequenceable yields 
(%) 



0-LactogIobulin 
Myoglobin 

Glyceraldehyde-3-phosphate dehydrogenase 

Bovine serum albumin 

Trypsinogen 

Cytochrome c 

Ribo nuclease a 

SAPYTYQSDLRYKL 

WDYHNRMK 

SHEGTFTSDYSKYLDSRRAQSFVQWL 

CVEQLSPEEEEKRAIRRERNKAAA 

MLRFVTK 

ELYENKPRAPYIL 



100 
100 
100 
100 
100 
100 
100 
100 
100 
80 
80 
110 
58 
54 
100 



88 d 
89* 
80 rf 
90' 
86 rf 
92* 
90 d 
83 e 
85* 



42 
52 



61 
49 
38 
20 
39 
22 
27 
59 



42 

52 



61 
49 
48 

25 
36 
38 
50 
59 



0 The attachment was performed at 55" C for 30 min. 

*The amount of attached peptide capable of being sequenced was determined by integrating the areas of the first three PTH peaks an d ; 
extrapolating to zero cycles. 

* The overall yield reflects both the attachment and sequenceable yields. 

d Attachment yields for ,25 I-labeled proteins. Yields were calculated based on the combined radioactivity of the columns and washings. Dupli- 
cate samples were run and gave yields within 5% of each other. 

* Yield determined by amino acid analysis. Duplicate samples were prepared; one was used for amino acid analysis and the other for sequent / 

ing. ■-.;:-*::; 




Material may be protected by copyright law (Title 17, U.S. Code) 



PROTEIN SEQUENCING ON PREPACKED CAPIIXARY COLUMNS 



369 



* too 



x 

Q. 




FIG. 3. Yields of PTH-amino acids on sequencing of samples of S. 
cerevisiae cytochrome c in capillary columns containing (A) DITC- 
glass and (B) AP-glass. Protein samples (100 pmol) were attached as 
described in the text and sequenced by solid-phase Edman degrada- 
tion. Repetitive yields were calculated by comparing the yields of Ala- 
5 and Ala- 12; these were 93.4 and 96.2% for DITC-glass and AP-glass, 
respectively. With DITC-glass, the N-terminal Thr, as well as most of 
the Lys residues, were attached to the support and were missing or 
detected in low yield. Cys-19 is conjugated to heme and was not de- 
tected. 



where attachment yields are being monitored, the col- 
umn is washed with coupling buffer (300 ftl) t 20% triflu- 
oroacetic acid (300 /xl), and water (600 ^1), and the wash- 
ings are analyzed for unbound peptide or protein. 

Attachment of polypeptides to AP-glass in capillary 
columns. The peptide or protein sample (50-1000 
pmol) is transferred to a 0.5-ml Eppendorf tube and 
dried in a Speed- Vac concentrator. (The sample should 
be free of salts and buffers containing carboxyl groups.) 
The sample is redissolved in 15 /d of coupling buffer (1.0 
M pyridine- HC1, pH 5.0, 1% SDS), and the Eppendorf 
tube is placed in an ice bath. A solution of TV-ethyl -N'- 
dimethylaminopropylcarbodiimide (EDC) in coupling 
buffer (1 mg in 5 /d) is prepared and immediately added 
to the sample. Immediately thereafter an ice-cold AP- 
glass capillary column is placed in the Eppendorf tube. 
After the sample solution has been drawn into the col- 
umn (about 10 s), 15 jd of ice-cold coupling buffer is 
added to the Eppendorf tube to wash residual polypep- 
tide into the capillary tube. The reaction is allowed to 
proceed for 15 min and the capillary tube is washed with 
300 fi\ of 20% acetic acid to stop the reaction. The col- 
umn is washed as described for DITC-glass. 

Attachment of homoserine peptides to AEAP-glass in 
capillary columns. The peptide having a C-terminal ho- 
moserine (50-1000 pmol) is evaporated to dryness in a 



0.5-ml Eppendorf tube in a Speed- Vac concentrator. 
The sample is redissolved in 100 jd of anhydrous trifiuo- 
roacetic acid, and the solution is kept at room tempera- 
ture for 1 h. The solvent is evaporated in the Speed- Vac 
concentrator (which should be equipped with a solid 
NaOH trap), and the residual peptide is dissolved in 15 
/d of coupling buffer (triethylamine:dimethylformamide: 
formamide, 1:3:4 v/v). One end of a capillary column 
containing AEAP-glass is placed in the sample solution, 
which is drawn into the tube in about 15 s. An additional 
10 id of coupling buffer is added to the tube, and it, too, 
is allowed to be drawn into the capillary. Finally, 15 Ail 
more of coupling buffer is added to the Eppendorf tube 
and it and the column are incubated at 45°C for 2 h. The 
column is washed as described for DITC-glass. 

Radiochemical methods. Test proteins were labeled 
with 125 I by the Iodobeads method (10). The radioactiv- 
ity of proteins immobilized in capillary ty^es was deter- 
mined by counting the tubes before or after sequencing 
in a Beckman gamma counter. 

Solid-phase Edman degradation. Peptides and pro- 
teins were sequenced by Edman degradation on proto- 
types of the MilliGen/Biosearch Model 6600 ProSe- 
quencer (6) using recommended reagents. Capillary 
columns containing immobilized polypeptides were 
placed in the column holder shown in Fig. IB, which was 
placed in the heating block assembly of the sequencer. 
The column was then washed with methanol for 3 min, 
followed by coupling buffer for 1 min, before starting the 
run. Phenylthiohydantoins (PTHs) were collected after 
each cycle and analyzed on a Millipore/Waters Model 
600 HPLC system equipped with a Model 712 WISP au- 
toinjector, 

RESULTS AND DISCUSSION 

Our goals in developing the capillary column method 
were twofold: (1) to reduce the volume of reaction cell of 
the sequencer and (2) to find a simple way of avoiding 



3* 80 - 




10 20 

Time (min) 

FIG. 4. Time course for attachment of 0-lactoglobuHn to AP-glass. 
Samples of 100 pmol of radioiodinated protein were coupled at room 
temperature as described in the text with differing amounts of EDC. 
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FIG. 5. Effect of incubation time after activation of proteins with 
EDC before attachment to AP- glass. Radioiodmated /Mactoglobulin 
was activated with EDC at room temperature and samples were re- 
moved at intervals for attachment to AP- glass. 



sample handling problems encountered with earlier 
techniques (3). Reduction of the sample cell and other 
components is important in microsequence analysis, be- 
cause it lowers the area of surfaces which can harbor ad- 
sorbed contaminants (11). In addition, small reaction 
cells significantly reduce the amounts of reagents con- 
sumed by the sequencer. Sample handling is a particular 
problem for persons unfamiliar with the chemistry of the 
attachment methods, and a more general problem for 
anyone faced with the difficulties of efficiently transfer- 
ring small amounts (<10 mg) of glass beads from one 
container to another. 

For many years, the method of choice for covalent im- 
mobilization of proteins has been attachment via lysine 
side-chain amino groups to DITC-glass (3,8). For pep- 
tides which do not contain lysine residues, carbodiimide- 
mediated coupling of peptide carboxyl groups to amino- 
polystyrene has proved effective (3,5). The mechanical 
and absorptive properties of aminopolystyrene are not 
suitable for microsequencing, however, and for this rea- 
son we have utilized in the present studies AP- glass, 
which combines the desirable properties (high surface 
area, rigidity) of glass beads with greater nucleophilicity 
of arylamines at pH 5, which is the optimal pH for car- 
bodiimide coupling reactions. And finally, we have also 
adapted the capillary column technique for use with a 
P- diamine support, AEAP-glass, which can be used to 
couple homoserine peptides, generated by cyanogen bro- 
mide cleavage, at the C terminus (12). 

The capillary column technique is adaptable to all 
three types of sequencing support. The column is con- 
structed from a section of a disposable micropipet and 
has the dimensions 1.3 mm i.d. X 32 mm long, with an 
internal volume of about 30 y\. It holds about 10 mg of 
porous glass beads. As described under Methods, the 
ends of the capillary can be sealed using either a sintered 
glass plug or a porous plug made by precipitating polyvi- 



nidylene difluoride in the interstices between the beads. 
The latter method is simpler and more suitable for bulk 
processing, but occasionally imperfect plugs are made 
so it is necessary to test each column by forcing through 
liquid and observing whether any beads are lost. After 
packing, the column should be washed and dried thor- 
oughly to prevent decomposition of the support. 

Application of the sample to the column is done by 
capillary action. The dissolved sample is placed in a 
small plastic tube (e.g., an Eppendorf tube), one end of 
the capillary column is dipped into the solution, and the 
liquid is drawn into the capillary (Fig. 1A). The volume 
of the sample solution is chosen such that it fills about 
one-half of the capillary. Then the sample tube is washed 
with another volume of solvent. In this way, nearly 98% 
of the sample can be applied to the column. 

For sequencing, the capillary column is placed in a col- 
umn holder as shown in Fig. IB. The capillars inserted 
into the flared ends of two lengths of 0.012-in.-i,d. Teflon 
tubing which are connected to the sequencer. The capii- 




FIG. 6. Effect of time, temperature, and EDC concentration on at- 
tachment yield and sequencing results for S. cerevisiae cytochrome e. 
Protein samples (1000 pmol each, in 15 ftl of buffer) were activated 
under the following conditions: (A) room temperature, 2 mg EDC; <B) 
(TC, 2 mgEDC; (C) 0 W C, 1 mgEDC. Attachment yields were calculated 
by measurement of radioactivity. Yields of PTH-Glu-2 and PTH -Phe- . 
3 were determined by HPLC analysis after sequencing. 



Material may be protected by copyright law (Title 17, U.S. Code) 



PROTEIN SEQUENCING ON PREPACKED CAPILLARY COLUMNS 



371 



TABLE 2 

Attachment and Sequencing Yields of Proteins and Peptides in Arylamine-Glass Capillary Columns" 
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0 Samples were coupled in arylamine-glass capillary columns at 0°C for 15 min using 1 mg of EDC. 

b The amount of attached peptide capable of being sequenced was determined by integrating the areas of the first three PTH peaks and 
extrapolating to zero cycles. 

* The overall yield reflects both the attachment and sequenceable yields. 

d Attachment yields for ,25 Mabeled proteins. Yields were calculated based on the combined radioactivity of the columns and. washings. Dupli- 
cate samples were run, giving yields within 5% of each other. 

* Yield determined by amino acid analysis. Duplicate samples were prepared; one was used for amino acid analysis and the other for sequenc- 
ing. 



lary and Teflon tubes are secured in an aluminum col- 
umn holder using two tube end fittings (Rainin Instru- 
|;-:L ments). The column holder can be constructed with a 
pi; variety of external dimensions to conform to those of the 
v ify sample compartment of the particular model of se- 
;K quencer. 

**!;> DITC-glass capillary columns. The efficiency of at- 

tachment of proteins to DITC-glass was determined by 
coupling l25 I-labeled proteins to the support. Figure 2 
| ^ shows that attachment is essentially complete in about 

•g§£ 20 min at 55°C, pH 9.0. The attachment buffer (0.2 M 
sodium phosphate, pH 9.0, 1% SDS) is suitable for dis- 
solving most proteins. Other buffers can be used, but it 
|;i is important that buffers (and the protein sample) not 

^J;:. contain primary or secondary amines, thiols, or other 
substances which may react with isothiocyanate groups. 

J5M Excess isothiocyanate groups on the support are blocked 
in the first cycle of Edman degradation by reaction with 
0.1% cyclohexylamine, which is present in the phenyl 

*|:L isothiocyanate coupling buffer. 

;| : : - To determine the distribution of the protein in the 
4H A capillary column, a column containing a radioiodinated 

protein was cut into four sections, which were counted. 
; <Ili: Approximately 75% of the protein was concentrated in 

the first quarter of the capillary, with most of the re- 
.^f'.t- mainder being in the second quarter. Since the column 

filling time is only a few seconds, and the attachment 



reaction half-life is several minutes (Fig. 2), the concen- 
tration of the protein is probably due to binding to the 
hydrophobic DITC groups. The capacity of the DITC- 
glass capillary column is >50 nmol for most proteins, or 
a 500-fold excess over the amount of protein used in 
these experiments. 

As can be seen in Table 1, the attachment efficiencies 
range from about 80 to 92%, which is comparable to 
yields using earlier methods. The less than quantitative 
results are not due to inefficient transfer of the sample 
into the capillary, however, since counting of the empty 
Eppendorf tube and the capillary column shows that 
98% of the protein entered the capillary. A possible con- 
cern is that protein samples evaporated in Eppendorf 
tubes may not redissolve completely. This did not seem 
to be a problem with any of the proteins used in these 
studies, since all of the attachment buffers contain 0.1% 
SDS. However, the potential problem can be avoided by 
adding SDS to the sample before evaporating it. Se- 
quencing of the immobilized proteins revealed that only 
about half of the attached material was available for Ed- 
man degradation. The cause of this loss is not known, 
but these results compare favorably with initial yields of 
20-55% seen for proteins blotted onto PVDF mem- 
branes and sequenced by the gas-phase method (13). 

Figure 3 shows the results of sequencing Saccharo- 
myces cerevisiae cytochrome c on a DITC-glass column. 
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FIG. 7. HPLC traces of PTH-amino acids from sequencing of S. cerevisiae cytochrome c coupled to AP-glass in a capillary column A 100- 
pmol sample was coupled as described in the text at 0°C for 15 min with 1 mg of EDC before sequencing. The PTH standard is shown in the 
lower left panel. The norleucine internal standard (20 pmol) appears at about 14 min and a reaction by-product, aniline, at 7 min. 



Note that the N-terminal amino acid and some of the 
lysine residues axe recovered in low or negligible yield 
because of their being covalently attached to the sup- 
port. 

Aminophenyl-glass capillary columns. Arylamine 
resins (14) and glass (15) supports were introduced on 
the premise that an arylamine, which is only half proton- 
ated at pH 5, would be a much better nucleophile than a 
more basic alkylamine support in carbodiimide-medi- 
ated immobilization of proteins via their carboxyl 
groups. In fact, attachment of proteins to AP-glass is ex- 
tremely fast, being nearly complete at room tempera- 
ture, using 1-2 mg of EDC per sample, in 1-2 min (Fig. 
4). The rapid reaction was confirmed by analysis of the 
distribution of attached protein as described above for 
DITC-glass, which showed that >9b% of the protein is 
concentrated in the first quarter of the capillary column. 



The reaction is carried out by adding a freshly made 
solution of EDC to the protein sample and immediately 
drawing the reaction mixture into the capillary column. 
As seen in Fig. 5, if one waits, after activation of the pro- 
tein with EDC, before applying it to the AP-glass, the 
attachment yield decreases significantly, presumably be- 
cause of rearrangement of the O-acylurea active inter- 
mediate to the xV-acyl urea. It is also important that the 
sample not contain carboxylic substances, such as ace- 
tate, which would compete with protein carboxyls for 
sites on the AP-glass support. 

Initial experiments showed that a substantial percent- 
age of side-chain carboxyl groups become attached to the 
AP-glass support, resulting in low yields of PTH-Asp 
and PTH-Glu on sequencing. Figure 6A shows that at 
room temperature with 2 mg of EDC per sample, the at- 
tachment was complete within a few minutes, but that 
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the amount of sequenceable protein was only about 30%, 
as indicated by the yields of PTH-Phe at position 3, and 
that no PTH-Glu was seen at position 2 because its side- 
chain carboxyl was coupled to the support. By lowering 
the reaction temperature to 0°C, the attachment reac- 
tion was slowed down, and both the sequenceable yield 
and the yield of PTH-Glu were improved (Fig. 6B). A 
further improvement was made by reducing the EDC 
concentration to 1 mg per sample (Fig. 6C). Based on 
these experiments, we chose as standard reaction condi- 
tions, 0°C, 1 mg per sample of EDC, and 15 min, which 
represents a compromise between high attachment 
yield, good sequenceability, and acceptable recoveries of 
PTH-Glu and PTH-Asp. If one allows the reaction to 
proceed too long, the carboxyls couple too efficiently to 
the support and apparently also to the N terminus of the 
protein, blocking it to Edman degradation. 

As can be seen in Table 2, attachment and sequence- 
able yields for AP-glass columns are similar to those 
found for DITC-glass. Figures 7 and 3B show the results 
of sequencing cytochrome c on AP-glass. In contrast 
with DITC-glass (Fig. 3A) all of the amino acid PTHs 
are recovered in good yield, including PTH-Glu. It is also 
noteworthy that the repetitive yield is higher than for 
DITC-glass, primarily because of reduced carryover. 
AP-glass columns are particularly useful for immobiliza- 
tion of peptides, since the majority of peptides do not 
contain C-terminal lysines that allow them to be at- 
tached to DITC-glass. 

AEAP-glass capillary columns. As described earlier 
(12), AEAP supports are useful for selective coupling of 
homoserine lactone peptides generated by cleavage at 
methionine with cyanogen bromide. AE AP-glass capil- 
lary columns are also effective for immobilizing such 
peptides. Attachment of 220 pmol of the jCMactoglobulin 
cyanogen bromide peptide, KGLDIQKVAGTWYS- 
LAM, resulted in 143 pmol (65%) of sequenceable pep- 
tide with a repetitive yield of 93%, the latter being 
slightly lower than for other methods because of the acid 
lability of homoserine peptide bonds. 

SUMMARY 

The capillary column attachment method produces 
results in terms of efficiency of immobilization and 
protein sequencability at least comparable to those of 
membrane adsorption (13), DITC-glass fiber (2), and 
SequeNet (unpublished results of MilliGen/BioSearch 
Division of Millipore Corp.) methodologies. This 
method is particularly useful for covalent immobiliza- 
tion of peptides at their carboxyl -terminal ends, using 
carbodiimide coupling. The capillary columns described 
are useful for samples ranging in amount from about 10 



pmol to 50 nmol. This is probably due to the large sur- 
face area of the glass beads and the large excess of poly- 
peptide binding sites. The much higher capacity of the 
capillary columns, compared to membrane supports, is 
of advantage for extended run sequencing, where larger 
protein samples are needed and for analysis of synthetic 
peptides for failure sequences. Finally, this technique 
permits the efficient direct transfer of proteins from 
polyacrylamide gels by electroelution from gel slices 
onto DITC-glass capillary columns (to be published). 

ACKNOWLEDGMENTS 

This work was supported by grants from the National Science Foun- 
dation (DJR-8900216) and from Millipore Corporation. 

REFERENCES 

1. Laursen, R. A. (1971) Eur. J. Biochem. 20, 89-102. 

2. Aebersold, R. H., Pipes, G. D., Nika, H„ Hoot^T. E., and Kent, 
S. B. H. (1988) Biochemistry 27, 6860-6867. 

3. Laursen, R. A., and Machleidt, W. (1980) Methods Biochem. Anal 
26, 201-284. 

4. Machleidt, W. (1983) in Modern Methods in Protein Chemistry 
(Tschesche, H., Ed.), pp. 262-302, de Gruyter, Berlin/New York. 

5. L'ltalien, J. J., and Laursen, R. A. (1982) in Methods in Peptide 
and Protein Sequence Analysis: Proceedings of the Fourth Inter- 
national Conference (Elzinga, M., Ed.), pp. 383-399, Humana 
Press, Clifton, NJ. 

6. Laursen, R. A., Dixon, J. D., Liang, S. P., Nguyen, D. M„ Kel- 
course, T„ Udell, L., and Pappin, D. (1989) in Methods of Protein 
Sequence Analysis: Proceedings of the Seventh International 
Conference (Wittmann-Liebold, B., Ed.), pp. 61-68, Springer- 
Verlag, Berlin. 

7. Coull, J. M., Dixon, J. D., Laursen, R A., Koester, H., and Pappin, 
D. (1989) in Methods of Protein Sequence Analysis: Proceedings 
of the Seventh International Conference (Wittmann-Liebold, B., 
Ed.), pp. 69-78, Springer- Verlag, Berlin. 

8. Wachter, E., Machleidt, W., Hofner, H., and Otto, J. (1973) FEBS 
Lett. 35, 97-102. 

9. Fields, R. (1972) in Methods in Enzymology (Hirs, C. H. W., and 
Timasheff, S. N., Eds.), Vol. 25, pp. 464-468, Academic Press, 
New York/London. 

10. Markwell, M. A. K. (1982) Anal Biochem. 125, 427-432. 

11. Hewick, R. M., Hunkapillar, M. W., Hood, L. E., and Dreyer, 
W. J. (1981) J. Biol Chenu 256, 7990-7997. 

12. Horn, M. J., and Laursen, R. A. (1973) FEBS Ijett 36, 285-288. 

13. Matsudaira, P. (1989) in. Methods of Protein Sequence Analysis: 
Proceedings of the Seventh International Conference (Wittmann- 
Liebold, B„ Ed.), pp. 234-239, Springer- Verlag, Berlin. 

14. Wittmann-Liebold, B., and Lehmann, A. (1975) in Solid- Phase 
Methods in Protein Sequence Analysis: Proceedings of the First 
International Conference (Laursen, R., Ed), pp. 81-90, Pierce 
Chemical Co., Rockford, IL. 

15. Laursen, R. A., Obar, R., Chin, F., Whitrock, K., Von Harten, 
R. A., Bonner, A. G., and Horn, M. J. (1980) in Methods in Peptide 
and Protein Sequence Analysis: Proceedings of the Third Interna- 
tional Conference (Birr, C, Ed.), pp. 9-20, Elsevier/North-Hol- 
land, Amsterdam. 



Material may be protected by copyright law (Title 17, U.S. Code) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



